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Abstract Hydroxyapatite (HA) bioceramic has been used for clinical applications 
due mainly to its chemical similarity with human bones. However a major draw-
back with HA synthesized by using commercial sources is the absences of ions 
such as zinc which is normally found in natural bone. In this work, comparison 
between the characteristics of zinc HA powders synthesized using different source 
of calcium precursor (commercial and waste eggshells) were studied. Both powders 
were prepared through wet chemical precipitation method using the same phospho-
rous and zinc reagents, under the exact experimental conditions. The physicochem-
ical properties of these powders before and after undergoing calcination at 700 °C 
were examined. This study demonstrated how the characteristics of the synthesized 
powders slightly differ in terms of their thermal stability and molecular structure due 
to the use of different calcium source. The study found that the addition of zinc ion 
in powders prepared using commercial calcium source led to higher formation of 
secondary phase, β-TCP than the powder prepared using eggshell calcium. 

Keywords Calcium precursor · Chemical precipitation ·Waste eggshell · Zinc 
hydroxyapatite 

1 Introduction 

Synthetic hydroxyapatite [HA, Ca10(OH)2(PO4)6] has been widely used as implant 
material in biomedical field since many decades ago due to its chemical properties
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that has close resemblance to the natural bone. One of the important features of 
HA is its capacity for ionic substitution. This means that the locations for hydroxyl, 
phosphate and calcium ions may be occupied by ions of a similar size and charge 
without disrupting the HA structure [1]. There has been a substantial effort made by 
numerous investigators to improve the overall properties of synthetic HA. One of the 
strategies is to introduce metallic ions into HA such as magnesium [2, 3], manganese 
[4], zinc [5], bismuth [6], and strontium [7]. 

Traces of metal ions can influence the lattice parameters, the crystallinity, the 
dissolution kinetics, increase chemical affinity and other physical properties of 
apatite [8]. They are also believed to have significant role towards improving cell-
material interactions of HA and strengthening its mechanical properties, which is 
beneficial in the bone remodeling process. This strategy of incorporating metal ions 
and other minute dopants or additives, particularly that of transition metal oxides, 
during processing have also been shown to be successful and economical means of 
enhancing the properties of other materials during powder consolidation, promoting 
microstructure refinement during joining or welding, and in the tailoring of suitable 
microstructure-properties for a host of applications [9–17]. 

Amongst the transition metal oxides, zinc is recognized as an essential trace 
element in the human body due to its vital role in the development of skeletal 
system and normal biological growth. In addition, zinc inhibits osteogenic differ-
entiation, stimulates osteoblasts activity and regulate cell biological response [18]. 
Zinc deficiency not only is associated with serious malnutrition problem but was 
also reportedly related to the impairment of maximal bone mass development [19], 
which increases the risk of osteoporotic bone. Zinc ions with approximately 0.012– 
0.025 wt% are found in all tissues of the human body, and most of them is stored in 
the skeleton [19]. It plays a major role in homeostasis, immune response, metabolic 
function, wound healing, oxidative stress and few other physiological systems in 
mammals. 

Although several works on zinc substituted HA have been previously reported, 
they were mainly synthesized using commercial calcium sources. In this present 
study, zinc-doped HA (ZnHA-Es) bioceramic was prepared using waste chicken 
eggshells as its calcium precursor with 3 mol% of zinc ion incorporation. The samples 
were calcined at 700 °C and then compared to ZnHA, which was prepared using 
commercial calcium precursor under the same experimental conditions. 

2 Materials and Method 

For the preparation of ZnHA, commercial CaO powders (Systerm Chemicals) and 
ammonium di-hydrogen phosphate (NH4H2PO4) (R&M Chemicals) were used as 
a calcium and phosphorus precursor, respectively whilst the zinc ion source was 
zinc nitrate (Zn(NO3)2) from Sigma-Aldrich. On the other hand, for ZnHA-Es, the 
calcium eggshell (CaO-Es) was used in place of commercial CaO but for the other 
two precursors (phosphorous and zinc), the chemicals remained the same. It should
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be noted that, the amount of zinc dopant incorporated in both type of samples was 
3 mol%. In addition, ammonia solution (NH4OH) from R&M Chemicals was used 
to increase the solution’s pH. 

In this work the eggshells were cleaned in hot water, crushed, and heat-treated 
at 700 °C for 1 h. The calcined powder was sieved to obtained the CaO-Es. Before 
the final mixing, each precursor was dissolved separately using distilled water on a 
hotplate magnetic stirrer until they became homogenous. NH4H2PO4 and Zn(NO3)2 
were slowly added into Ca(OH)2 solution and after that the NH4OH was added little 
by little to increase the solution’s pH to 10.5. The solution mixture was constantly 
stirred for 3 h while the reaction temperature was maintained at 90 °C. The precipi-
tates were aged for 24 h, filtered and washed with deionized water to rinse away any 
contaminants that were still clinging on the precipitates. After that, they were dried 
overnight in an oven at 100 °C to remove excess water. All synthesized powders were 
subjected to calcination at 700 °C with a heating rate of 5 °C/min and a 2-h holding 
time. Calcination at this temperature was carried out to eliminate volatile substances 
present in the samples as well as to compare the powders characteristics between 
ZnHA-Es and ZnHA. 

Phase identification and quantification in this study were conducted using X-
Ray diffractometer (Rigaku Ultima IV) with a scan speed of 5°/min between 20 
and 60°. The diffraction peaks were indexed according to International Centre for 
Diffraction Data (ICDD) PDF card number 01-079-5683, 01-086-1585, 01-080-
2801, 01-077-9574 and 01-076-0571 for HA, β-TCP, CaCO3, CaO and Ca(OH)2, 
respectively. 

For molecular structure identification, the IR spectra of the samples were recorded 
using a Fourier transform infrared (FTIR) spectrometer (Perkin Elmer) in a frequency 
range of 500–4000 cm−1. 

The microstructures of calcined samples were examined using field emission 
electron microscopy (FESEM) (FEI Quata FEG450), which was also equipped with a 
built-in Energy Dispersive X-Ray (EDX) system to perform elemental analysis on the 
targeted samples. For clearer images, these samples were first coated with platinum 
(Pt) using sputter coater (Polaron, SC7620) prior observation under FESEM. 

3 Results and Discussion 

The XRD phase analysis of the commercial CaO and CaO-Es are shown in Fig. 1a. 
Both powders consist of three CaO signature peaks at 2θ degree of 32°, 37° and 
54°. No other impurities were detected in both type of powders. It is crucial that the 
CaO-Es powders have excellent purity so that only an accurate amount of CaO-Es 
will be used as a reagent during the synthesis process.

The FTIR spectrum of CaO-Es shown in Fig. 1b, has close similarity with the 
spectrum of commercial CaO powders. Both indicate characteristic bands inherent 
to CaO structure, which contain carbonate and hydroxyl frequency bands. The broad 
carbonate bands at 2329, 1430 and 1056 cm−1 are associated with stretching mode
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Fig. 1 Comparison between commercial CaO and eggshell derived CaO-Es in a XRD patterns and 
b FTIR spectrum

with respect to adsorbed CO2 on the surface of CaO, while a sharp peak at 3643 cm−1 

corresponds to hydroxyl band. Another sharp frequency band which also belongs to 
C–O group was observed at 873 cm−1 [20]. 

XRD patterns in Fig. 2 indicate that after calcination at 700 °C, both samples 
contain a mixture of HA and β-TCP phases. The main HA peaks were indexed at 
32°, 32.3° and 33° in accordance to the ICDD standard for HA phase. Formation of β-
TCP phase was confirmed by the appearance of a low intensity peak at approximately 
31°, which is common when there is a presence of impurities like zinc ion in HA. 
Peak shifting was not observed in the present work. It is also evident that the ZnHA-
Es was as crystalline as the ZnHA powders. However, the formation of secondary 
phase was apparently much higher in ZnHA compared to ZnHA-Es as indicated by 
the intensity of the β-TCP peak. Based on this calcination study, it can be deduced 
that HA phase for powders produced using commercial calcium most likely tend 
to decompose to β-TCP phase more rapidly compared to samples prepared using 
natural calcium.

The microstructure evolution of the ZnHA-Es and ZnHA calcined powders is 
presented in Fig. 3.

The SEM micrographs revealed that the powders consist of fine spherical-like 
particles of varying sizes. It was also observed that the microstructure of ZnHA-Es 
exhibited somewhat larger particles (Dave ~ 100 nm) compared to the ZnHA (Dave 

~ 40–50 nm) samples. On the other hand, Ca/P ratio approximation based on EDX 
analysis shows that ZnHA-Es has Ca/P ratio 1.65 while for ZnHA, the ratio was 1.56.
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Fig. 2 XRD patterns of a ZnHA-Es and b ZnHA samples after calcination at 700 °C

Fig. 3 FESEM micrographs (mag. × 20 k) of a ZnHA-Es and b ZnHA powders

4 Conclusions 

In this study, nanostructured ZnHA-Es and ZnHA powders were successfully 
prepared via precipitation method using calcium precursor derived from waste 
eggshells and commercial calcium, respectively. XRD results showed that the 
powders had become crystalline after calcination at 700 °C, with an apparent forma-
tion of biphasic mixture, HA and β-TCP in both samples. Agglomeration of powder 
aggregates (~ 40 to 100 nm in size) was clearly noticed from FESEM images for both 
samples which is typical for nano-powders. Ca/P ratio of ZnHA-Es was found to be 
close to stoichiometric HA with 1.65 but on the contrary, the Ca/P ratio of ZnHA 
was much lower at 1.57, which indicates that it is calcium-deficient. The findings of 
this work suggested that ZnHA-Es and ZnHA has slightly different physicochemical 
properties, but both can still possibly be potential candidates as bio-implant material.
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